Attachment 9.5 — Supporting Documents

Flood Damage Reduction Costs and Benefits

Project E — Sierra National Forest Fuels Reduction Project

Madera Region — IRWM Implementation Grant Application

Table of Contents

Empirical Analysis of Historical Fire and Post-Fire Flooding and Debris Flow Data 3

Results of FRAM Analysis 13

9.5-1



Page Left Intentionally Blank

95-2



Attachment 9.5, Empirical Analysis of Historical Fire and Post-Fire
Flooding and Debris Flow Data

95-3



Page Left Intentionally Blank

95-4



Empirical analysis of historical fire and post-fire flooding and debris flow data

Fire occurrence and Size Probability

169 fires are recorded in the USFS databases for the Madera IRWMG area from 1911 — 2008.
169 fires in 98 years of record gives a rough average occurrence of 1.7 fires in any given year.
However, many fires are very small and cause little impact to the forest or the hydrologic
functions of the forest. A better measure of probability would account for the size of the fires
that have occurred. For normally distributed data, this can be estimated with the following
formula:

T=(m+1)/m (1)
Where T is the recurrence interval, n is the number of fires, and m is the rank of each fire. M is
assigned a value of 1 for the largest fire, 2 for the second largest fire, and so on. However, an
examination of the fire history data shows that fire size is not normally distributed. In fact, using
the software “EasyFit,” (Mathwave 2010) it is determined that the fire size distribution is best fit
by a Log Pearson III distribution (Figure 1).
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Figure 1. Fire size distribution and Log Pearson III Probability Density
Function
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To determine a fire size frequency, the largest fire from every year of record was used in a Log-
Pearson III frequency analysis (similar to a flood frequency analysis, Table 1).

Table 1. Fire size probability
analysis of the largest fires in the

Madera IRWMG from USFS
data.
Return
period Annual Fire
T Probability Size
(yr) (percent) (acres)
1.05 95.2 18
1.11 90.1 39
1.25 80 102
2 50 657
5 20 4259
10 10 11363
25 4 32450
50 2 64021
100 1 118005
200 0.5 207167

Precipitation and Flow Frequency calculations

Precipitation frequency data used in this analysis was taken from the NOAA Atlas 2 (NOAA
1973). Methods described on page 15 of the Atlas were used when storm data was required that
was not mapped.

Flow frequency data was taken from the Madera County Flood Insurance Study (FEMA 2008),
when available, or was derived from the USGS regression equations for the Sierra Region
(Waananen and Crippen 1977). The equations for the Sierra Region are:

Q2 =0.24(A0.88)(P1.58)(H-0.80) 2)
Q5 =1.20(A0.82)(P1.37)(H-0.64) 3)
Q10 =2.63(A0.80)(P1.25)(H-0.58) “4)
Q50 =10.4(A0.78)(P1.06)(H-0.48) 5)
Q100 =15.7(A0.77)(P1.02)(H-0.43) 6)
Q25 =6.55(A0.79)(P1.12)(H-0.52) (7)
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Where A is the drainage area in square miles, P is the annual average precipitation, and H is the
altitude index in thousands of feet.

Two major drainages exist within the project area: North Fork Willow Creek and the fresno
River. The existing pre-burn discharges were determined using either equations (2) — (7) (Table
2). The USGS equations slightly under predict the published 100-year discharge. For
consistency, and because there are no published values for other frequencies, the USGS results
were used for further analysis.

Table 2. Flood Frequency for pre-burn existing conditions based on USGS regression
equations and FEMA (2008).

Regression
Location Variables Discharges (cfs
A P H Q2 Q5 Q10 | Q25 | Q50 | Q100
NF Willow 16.9 44 3 474 1077 | 1513 | 2392 | 3075 | 4098
FresnoR @ 41 49.9 39 3 1044 | 2267 | 3156 | 5004 | 6399 | 8462
Fresno R @ 41 n/a n/a n/a n/a N/A 9630
(FEMA 2008)

Estimation of the number of acres that would burn at moderate to high severity

The size and spatial distribution of moderate to high severity burn areas is dependent on the soil
moisture conditions at the time of the fire, the organic content of the top soil, amount of ground
fuels, and the weather conditions. Absent the data required for this type of fire behavior
modeling, an review of data provided by Burn Area Emergency Response (BAER) teams for the
Stanislaus, Sierra, and Sequoia National Forest was performed. BAER reports are completed by
USFS personnel once a fire is contained. Acres of burn severity are mapped in the field when
possible, or by aerial reconnaissance for larger areas. BAER data for 28 fires from 2001 to 2010
were available (Table 3). Since the Stanislaus and Sequoia forests are subject to very similar
weather patterns, have similar fuels types, and similar topography as the Sierra, these data are
considered to be representative of project area. On average, 12 and 33 percent of burned areas
are burned at high and moderate to high severity, respectively. These percentages were applied
to the fire size when analyzing an event of a given return period

Runoff Response

There are numerous methods used to estimate post-fire runoff. The most frequently used are
discussed here: http://forest. moscowfsl.wsu.edu/BAERTOOLS/ROADTRT/Peakflow/

Methods include geomorphic analysis combined with regional (At-a-station) hydraulic geometry
curves, modeling using the Water Erosion Prediction Project (WEPP) model, TR-55 modelin
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using pre- and post- fire curve numbers, and “rules of thumb,” based on experience and local
knowledge of the burned areas. No single method has proven to be better than another.
Although the WEPP model is a physically based model that includes a stochastic weather
generator and is used extensively by USDA personnel, the model does not provide peak flows
and so is not useful for these purposes. The TR-55 methodology is a well accepted and proven
method for calculating peak flows and provides the ability to determine peak flows from several
rainfall frequencies. A review of the literature did not reveal any specific Curve Number (CN)
for burned areas. Cerrelli (2005) provided a guideline to select post-fire CN based on burn
severity and hydrologic soil grouping specific to the Bitterrot National Forest wildfires. He did
not find appropriate CNs in his initial search of the literature for CN values for burned areas in
southwestern Montana. Consequently, Montana NRCS engineers created a guideline based on
the existing NRCS CN/land use table. However, no gaging or calibrating took place to verify or
improve this guideline. New protection practices (e.g. road treatments) were implemented using
these newer NRCS guidelines. In the spring and summer following the fires, the region
experienced its 2- and 5-year, 24-hour storm events and the new protection practices were not
adversely affected. Cerrelli (2005) provided the following CN numbers

Burn Severity Hydrologic Soil Group CN
High A 64
B 78
C 85
D 88
Moderate Use cover type in Fair condition
Low and unburned North and East facing slopes Use cover type in Good condition

Story (2003) a BAER team member with the USFS suggested CNs 93-98 high burn severity with
water repellent soils, and 90-95 for high burn severity without water repellent soils. Stuart
(2000) suggested CN values of 80 for moderate burn and between 70-72 for low burn areas.
Kuyumjian, a research hydrologist for the USDA Rocky Mountain Research station suggested
the following values:

Soil burn condition CN

High burn with water repellant soils 95

High burn without water repellent soils 90-91
Moderate burn with water repellent soils 90
Moderate burn without water repellent soils 85

Low burn Pre-fire CN + 5

As further guidance to determining post-fire runoff response, the BAER data in table 2 was
examined for a relationship between acres burned at a given intensity and the post-fire change in
discharge. Because of the dependency in design storm selection, only those reports that used a 2-
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yr. 6-hour storm were used in the analysis. Regression analysis yielded a fair relation between
Log of the percent increase in discharge (Q,) versus the Log of acres burned at high severity (Ay)
(Table 4):

Table 4. Linear regression results based on BAER reports

Standard Lower Upper Lower Upper
Coefficients Error t Stat P-value 95% 95% 95.0% 95.0%

Intercept 0.602839 0.359333 1.677661 0.127725 -0.21003 1.415707 -0.21003 1.415707

Severe
acres 0.486356 0.145292 3.347433 0.008558 0.157682 0.81503 0.157682 0.81503

This results in the following predictive equation for post-burn changes in discharge (r* = 0.5546)

Log (Qp) = (0.486 * Log(Ap)) + 0.603 (8)

Because of the uncertainty involved in the CN numbers for different burn severities and the lack
of data to verify their use, equation (8) was used to estimate the increase in discharge associated
with a wildfire.
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SNF FRAM Analysis,Menu

DWR Levee Mitigation Prioritization Tool

To Read Instructions: Read Instructions

To Enter Project Information: Enter Project Information

To Enter Special Cases: Enter Special Cases
View Cost-Benefit Analysis: Cost-Benefit Analysis “
View Stage Damage Graph: Stage v Damage Cune

View AAD Graph (Actual): Loss Probability Curve
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SNF FRAM Analysis,Model Map

Model Map

Sheet Name Description

Menu: Front page of model, with links to key sheets
Instructions: Description of how this model should be used
Inputs: Project information to be entered by user

BCA Summary: Summary data resulting from Cost-Benefit Analysis

Assumptions:

Master page containing unit damage assumptions

Depth Damage Curves

Data describing stage damage relationships

Residential:

Direct residential building and contents costs

Commercial & Industrial:

Direct commercial and industrial building and contents costs

Agricultural:

Direct losses to agricultural production

Roads

Direct Losses to roads and infrastructure

Special Cases:

Table for entering information about special case buildings

Without Project EAD

Calculation of Estimated Annual Damages (EAD) without-project

Graph Data

Data used to develop graphical outputs

With Project EAD

Calculation of Estimated Annual Damages (EAD) with-project

Stage v Damage Curve

Graph of flood stage v flood damages

Loss Probability Curve

Graph of flood exceedance probability v flood damages
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SNF FRAM Analysis, Agricuttural

Agricultural Damages

Without Project With Project

Event 1 Event 2 Event 3 Event 4 Event 1 Event 2 Event 3 Event 4
ARI: 4 25 100 0 0 0 4 25 100 0 0 0
Probability of Levee Failure 1.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
Length of Inundation <5d Y/N Y Y Y Y Y Y Y Y Y Y Y Y
Agricultural Land Inundated
Corn ac. 0 0 0 0 0 0 0 0 0 0 0 0
Rice ac. 0 0 0 0 0 0 0 0 0 0 0 0
Walnuts ac. 0 0 0 0 0 0 0 0 0 0 0 0
Almonds  ac. 0 0 0 0 0 0 0 0 0 0 0 0
Cotton ac. 0 0 0 0 0 0 0 0 0 0 0 0
Tomatoes  ac. 0 0 0 0 0 0 0 0 0 0 0 0
Wine Grape ac. 0 0 0 0 0 0 0 0 0 0 0 0
Alfalfa ac. 0 0 0 0 0 0 0 0 0 0 0 0
Pasture ac. 0 0 0 0 0 0 0 0 0 0 0 0
Safflower ac. 0 0 0 0 0 0 0 0 0 0 0 0
Sugar Beetsac. 0 0 0 0 0 0 0 0 0 0 0 0
Beans ac. 0 0 0 0 0 0 0 0 0 0 0 0
Other ac. 0 0 0 0 0 0 0 0 0 0 0 0
Potential Damages
Corn $ - 08 -8 R R R - $ R R R Rk R -
Rice $ -8 - 08 R Rk Rk - $ R R R Rk L -
Walnuts $ -8 -8 R R R - $ Rk R Rk -8 -8 -
Almonds $ - 08 - 18 -8 -8 Rk - $ -8 -8 Rk Rk R -
Cotton $ - 08 - |8 -8 -8 -8 - $ R Rk Rk -8 Rk -
Tomatoes $ R R R R -8 - $ Rk Rk L Rk Rk -
Wine Grapes $ - |8 - |8 ] ] ] - $ - |8 - |8 ] ] ] -
Alfalfa $ -8 -8 Rk L R - $ Rk Rk Rk Rk R -
Pasture $ R R -8 Rk -8 - $ Rk R Rk R -8 -
Safflower $ R R Rk R -8 - $ -8 -8 -8 Rk Rk -
Sugar Beets $ ] ] ] - |8 - |8 - $ - |8 ] - |8 ] ] -
Beans $ -8 -8 -8 -8 - 08 - $ Rk Rk -8 Rk Rk -
Other $ -8 -8 e e e - $ e e e e e -
Total Potential Damages $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -
Total Damage with levee failure ($) $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -
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